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spectrophotometer equipped with spherical diffuse reflectance accessory in the range of 200-800 nm, using BaSO 4 as the reflectance standard material. The surface morphologies of samples were analyzed by a JSM-7001F field emission scanning electron microscope (SEM), which was performed at 2-15 keV accelerating voltage. Raman tests were carried out using Thermo Scientific DXR Smart Raman spectrometer equipped with a 532 nm excitation. High resolution transmission electron microscope (HRTEM) were performed by a Hitachi H-700 Transmission Electron Microscope. Scanning transmission electron microscopy (STEM) image was performed on Nion Ultra STEM 100 (operated at 100kV). X-ray diffraction (XRD) was carried out on (Shimadzu, Japan) equipped with Cu-KR radiation (λ) 1.5406 (Å), employing a scanning rate of 7°·min -1 in the 2θ range from 10 to 80°. N 2 adsorption-desorption isotherm was employed on ASAP 2460 Surface Area and Porosity Analyzer (Micromeritics, USA) to calculate the specific surface area. Atomic force microscopy (AFM, Asylum Research Company, Asylum MFP-3D) was applied to investigate the layers of materials. Meanwhile, GC-MS (Agilent 7890A-5975C) was taken to research the mechanism of adsorption coupled with oxidation of sulfur compounds.
Synthesis of nanoporous h-BNNs:
A certain molar ratio of boric acid and urea (0.01 mol of H 3 BO 3 mixed with 0.15 mol of urea for M-BN 15 and 0.30 mol of urea for other h-BNNs) in an alcohol (methanol, ethanol, propanol, butanol) was mixed with water (a mixed solution contains 20mL of alcohols and 20 mL of water). Then, the homogeneous solution was heated under 45°C for 3 recrystallization. A white crystalline powder product subsequently formed with the evaporation of solvents. Then, the obtained white powder was moved in a quartz boat and transformed to a tube furnace. Then the precursors were heated with a ramping rate of 5°C·min -1 to 900 °C and kept for 120 min under protection of N 2 . After that, the tube furnace was naturally cooled to room temperature.
Oxidation of DBT:
In a typical sulfur oxidation process, after 100 mg of h-BNNs was added to a 100 mL round-bottom flask, 40 mL of model oil (containing DBT with 500 ppm) were poured into the flask, and then the mixed solution was stirred vigorously in a thermostatic oil-bath of 150°C with air bubbled into the flask (ordinary pressure). After the reaction, the upper liquid phase samples was periodically withdrawn and separated by centrifugation before sulfur content being analyzed. The oil sample was analyzed on an gas chromatography flame ionization detection (GC-FID) (Agilent 7890A, HP-5 column, 30 m long× 0.32 mm inner diameter (id) 0.25 µm film thickness) using tetradecane as an internal standard. SEM and TEM images show that all prepared h-BNNs are thin film structure. (e) (f) -N 190.4 190.5 190.4 190.5 190.8 190.4 B (eV) B-O 192.5 192.5 192.5 192.4 192.4 192.5 N ( 
